1. Water and electrolyte excretion has been measured in both the follicular and luteal phases of the menstrual cycle in eight normal females undergoing a sustained water diuresis.
1. Water and electrolyte excretion has been measured in both the follicular and luteal phases of the menstrual cycle in eight normal females undergoing a sustained water diuresis.
2. When the subjects were supine, no differences were found in urinary excretion during the follicular and luteal phases.
3. When the subjects were tilted to the upright position, the urine volume, excretion of sodium and potassium and the osmolar and free water clearances fell, suggesting an alteration in proximal tubular function. These changes were statistically greater in the luteal than in the follicular phase of the cycle.
4. It is postulated that the enhanced retention of electrolytes and water in response to tilting in the luteal phase is a compensatory mechanism for the decreased effective blood volume at that time.
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Many of the symptoms and signs of the premenstrual tension syndrome have been attributed to salt and water retention in the late luteal phase of the menstrual cycle. Jones, Fox & Verow (1966) relate this retention to the hypovolaemia induced by the increased leakage of plasma proteins through the capillary walls at that time.
In the present work the excretion of water and electrolytes during both the follicular and luteal phases of the menstrual cycle in normal well-hydrated women undergoing a sustained diuresis was studied. To emphasize any differences between the two phases of the menstrual cycle, electrolyte and water excretion have been studied before and after tilting the subjects into the upright position. The object was to establish whether or not there was enhanced retention of salt and water on tilting to the upright position in the luteal as compared with the follicular phase of the menstrual cycle, and if so, whether or not these changes were related to any alteration in the effective blood volume. By studying the pattern of the renal response we have sought to define the site or sites in the nephron that are responsible for the observed alterations.
Changes from the supine to the upright position initiates several physiological consequences. Pooling of blood caudal to the heart decreases the venous return and the cardiac output. Hydrostatic forces cause fluid to leave the circulation and the legs increase in volume. The plasma volume decreases by as much as 12% (Waterfield, 1931; Youmans, Wells, Donely, Miller & Frank, 1934; Fawcett & Wynn, 1960) . There is an immediate increase in sympathetic nervous activity causing veno-constriction, increase in heart rate, an increase in myocardial contractility and increased peripheral vascular resistance which all serve to maintain the arterial blood pressure. Other more sluggish mechanisms expand the intravascular fluid volume and sustain the blood pressure by decreasing the urinary excretion of water, sodium chloride and potassium (Pearce & Newman, 1954; Streeten & Speller, 1966) . The response to hypovolaemia is graded in that the greater the fall in intravascular volume, the greater is the decrease in water and electrolyte excretion.
SUBJECTS A N D M E T H O D S

Subjects
The subjects were eight healthy female medical students, aged 20-24 years, with regular menses who gave informed consent. None had a history of oedema, renal or cardiac disease, or was taking an oral contraceptive.
Experimental design
Observations were made in each subject on the 8th-9th day and again on the 20th-21st day of the menstrual cycle. On each occasion a light breakfast was allowed but smoking forbidden. No attempt was made to standardize the diet during the preceding days. At 09.00 hours the subject emptied her bladder and was weighed. She then lay supine on a tilting table and drank 20 ml of water/kg of body weight. During the period of study the bladder was emptied hourly and a volume of water was drunk equal to that of the urine voided. When a constant diuresis had been established, usually by 11 .OO hours, urine was collected hourly for analysis for 2 h (1 1.00-12.00 and 12.00-13.00 hours). At the end of this time, usually 13.00 hours, the subject was tilted 80" towards the upright position and urine collected for another hour. The tilted position is referred to hereafter as 'upright'.
An indwelling catheter was inserted into a forearm vein under local anaesthesia between 09.00 and 10.00 hours. Blood samples were taken without veno-constriction at 13.00 and 14.00 hours, at the end of the supine and upright periods respectively. The observations were made in a quiet warm room with only essential personnel in attendance.
Chemical methods
Sodium and potassium were measured by flame photometry. Osmolality was determined without delay with an 'Advanced Instruments' osmometer. Creatinine was measured by the method of Wootton (1964) . Packed cell volume (PCV) determinations were made in duplicate in Wintrobe tubes by using a centrifuge of 15 cm radius at 3000 rev./min for 55 min. where UoSm, and So,,. are urinary and serum osmolality in mosmol/kg, and V is the urinary volume in ml/min.
The percentage of the filtered load of sodium excreted in the urine (the fractional sodium excretion or ENa) was calculated as (UNa .V/FNa) x 100 where UNa . V = urinary sodium excretion (pmol/min), F,, = filtered sodium = SNa. f . GFR where S,, = serum sodium concentration (mmol/l), f = Gibbs-Donnan factor (0.95) and GFR = glomerular filtration rate in ml/min as estimated by endogenous creatinine clearance. None of the results was corrected to standard body-surface area. The amount of sodium excreted was expressed in both absolute terms or per 100 ml of creatinine clearance. The difference between the sodium excreted per 100 ml of creatinine clearance in periods 12.00-13.00 hours and 13.00-14.00 hours was expressed as a percentage of the period 12.00-13.00 hours.
R E S U L T S
The results for each individual subject are given in 
Constancy of hydration
The adequacy of the method used to maintain a steady state of hydration was assessed whilst the subjects were supine by comparing the mean urinary excretion in the first and second hour ( I 1.00-12.00 and 12.00-13.00 hours) during both the follicular and luteal phases. At neither time in the menstrual cycle was there any significant statistical difference between the observed or calculated results obtained in the first as compared with the second hour ( Table 2) .
DifSerences between follicular and luteal phases in the supine position
When the subjects were in the supine position, the mean values for the volume and composition of the urine during the follicular and luteal phases of the menstrual cycle were not statistically different (Table 2) .
Diferences between the supine and upright positions in the follicular and luteal phases Statistically significant differences were obtained when the subjects were upright in both the follicular and luteal phases.
The urine volume, osmolal clearance, the free-water clearance, the amount of sodium excreted (expressed either in absolute terms or in relationship to the creatinine clearance) and the percentage of filtered sodium excreted in the urine were all significantly less in the upright position (Table 3) . 
Differences between follicular and luteal phases in the upright position
When the subjects were upright, a number of significant differences were found in the composition of the urine during the luteal as contrasted with the follicular phase of the menstrual cycle. Statistical comparisons for the group, by using Student's 't'-test for parametric data and the Willcoxon signed ranks matched-paired test for the percentage difference in sodium excretion, are given in Tables 3 and 4 . The volume of urine passed, the osmolal clearance, the free water clearance, the amount of sodium excreted (expressed either in absolute terms or in relationship to creatinine clearance) and the percentage of filtered sodium excreted in the urine were all significantly less in the luteal than in the follicular phase of the cycle.
Differences on changing from the supine to the upright position in the follicular as compared with the luteal phase
In changing the subjects from the supine to the upright position, certain significant differences were noted between the follicular as compared with the luteal phases of the cycle (Table 4) . Thus the upright position in the luteal phase induced a greater percentage rise in PCV and a more marked decrease in the percentage of filtered sodium excreted in the urine than it did in the follicular phase.
DISCUSSION
The decrease in urine flow when normal subjects change from the supine to the upright position has been studied by other workers (Brun, Knudsen & Raaschou, 1945a, b ; Epstein, Goodyer, Lawrason & Relman, 1951; Goodyer & Seldin, 1953; Pearce & Newman, 1954; Surtshin & White, 1956 ). To our knowledge, however, no observations have been made before on the changes in urinary volume and composition in the follicular and luteal phases of the menstrual cycle when normal well-hydrated subjects are upright. The decrease in urine volume observed, which is more marked in the luteal than in the follicular phase, may be mediated by one or more of three renal mechanisms, namely a decrease in glomerular filtration rate, an increase in distal tubular reabsorption of water or an increase in the proximal tubular reabsorption of electrolytes and water.
Provided other changes in renal function do not occur, a fall in glomerular filtration rate will cause a decrease in urine volume, a decrease in sodium and potassium excretion and a decrease in osmolar clearance together with a fall in the free water clearance by decreasing the amount of osmotically active solute available for reabsorption at distal sites. The creatinine clearance on changing from the lying to the upright position fell approximately 5% in the follicular phase and 7% in the luteal phase, differences which are not statistically significant. Nor was there a significant difference in creatinine clearance in the supine and upright positions during the follicular as compared with the luteal phase. It is unlikely that such small changes in glomerular-filtration rate, as judged by creatinine clearance, would be associated with such large observed decreases in urinary volume and sodium excretion which in the upright position in the follicular and luteal phases were decreased by 18% and 30% respectively for urinary volume and 22% and 42% respectively for sodium excretion. Other workers have observed either no fall in creatinine clearance (Surtshin & White, 1956 ) or a small decrease no greater than 10-15% (Epstein et al., 1951) when normal subjects were upright, and have concluded that factors other than a decrease in glomerular filtration rate are responsible for the decrease in water and sodium excretion.
The increased secretion of antidiuretic hormone (ADH), known to occur with adoption of the upright position, would cause a decrease in urinary volume, an increase in urinary osmolality, a decrease in free water clearance whereas the osmolar clearance remains unchanged. The experimental design using forced water diuresis and hypo-osmotic expansion of the extracellular fluid would suppress ADH secretion, thus eliminating this mechanism. The fact that urinary osmolality remained unchanged or fell in twelve tests and rose only slightly in four, whereas in fifteen instances the osmolar clearance fell supports the effectiveness of t h i s procedure.
That the third possible mechanism, increased proximal tubular reabsorption, is responsible for the observed findings is suggested by the decreased sodium and potassium excretion and the decrease in both osmolar and free water clearance found in all subjects. These changes were significantly greater in the luteal than in the follicular phase when upright and indicate an enhanced degree of proximal tubular reabsorption later in the menstrual cycle.
The changes in sodium and potassium excretion occurred too quickly to be ascribed solely to the increase in the secretion of renin and aldosterone known to occur on standing (Gordon, Kuchel, Liddle & Island, 1967) . Further, in our subjects the Na/K ratio fell when upright in seven tests and rose in nine, although the potassium excretion invariably fell in the upright posture. The mean fall in potassium excretion was 39% in the follicular phase and 48% in the luteal phase, a difference that was not statistically significant.
The mechanism responsible for the increased reabsorption in the proximal renal tubule remains uncertain as also does the reason for the greater degree of reabsorption in the luteal phase of the menstrual cycle. There is, however, a significantly greater increase in PCV in the upright position in the luteal as compared with the follicular phase, indicating a decrease in blood volume. This may be due to the increased leakage of plasma proteins through the capillary walls found by Jones et al. (1966) in the luteal phase. This increase in tissue oncotic pressure would in combination with the increase in capillary hydrostatic pressure on standing favour the increased transudation of water and electrolytes through the capillary walls of the legs. The fall in effective blood volume would stimulate a combination of stretch receptors sensitive to volume changes and baroreceptors sensitive to small changes in arterial pressure and so activate renal mechanisms to conserve sodium and water.
